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Fig. 3: Ammonium-N and soluble P in runoff during thr storage period i 2005 spray = cone-shaped pile sprayed with
a polymer; uncover = uncovered pile; cone - uncovered cone shaped pile, check = no litter

Table 1: Estimate of treatment effect on mnoff, total N and total P removed, 2005

Mean runoff measured 22 February
after 0.12-inch rainfall event

Estimate of total N removed from site
during last few rainfall events

Estimate of total P removed from site
during last few rainfall events

(L/m*) Litter cm rainfall (g Mg™)

Uncovered 0.12 14.5 6.2
Cone-shaped 0.26 10.2 5.5
Latex polymer 0.23 9.8 4.0
Control - no litter 2.86 <0.2 <0.1
Table 2: Mean concentrations of nitrate, ammonium and total P in runoff, 2005

Nitrate-N Armmonium-N Tatal P
Pile treatment (mg L1
Uncovered 1.6 82a 40a
Cone-shaped 1.2 65b 36a
Latex polymer 4.4 60b 26b
Control - no litter 0.3 <lc <lc

NS p<0.001 p<0.001
Table 3: Litter analysis on a drv matter basis as affected by treatment
Dry Final litter anatysis after 180 days storage
matter
analysis Original litter Covered pile Uncovered pile Cone-shaped Polymer sprayed p=F
Moisture! (%6) 20.80 15.00 24.00 33.00 24.00 ke
Ash(%0) 35.30 31.80 22.40 31.30 23.60 wokk
N (%%) 04.06 241 1.25 1.50 01.29 e
P.0;5 (9%) 04.86 5.01 3.02 3.66 321 ok
K0 (09 03.28 2.83 1.78 2.32 1.80 wokk
Ca (%) 03.28 3.40 2.07 2.49 2.21 e
Mg (%) 00.63 0.61 0.41 0.48 0.42 e
B(mgkg™ 56.00 47.00 30.00 40.00 31.00 wokk
Cu (mg ke™) 290.00 457.00 352.00 414.00 348.00 ke

Results for the analysis of the litter are shown n
Table 3. The litter storage treatments had significant
effects on all measured parameters. Exposed piles
absorbed so much water that they were saturated near the
base and some were saturated throughout the pile.
Although the piles absorbed water, they also dried out
rapidly during the warm, spring weather. Therefore, all the
analyses except moistire are reported on a dry matter
basis. Mass was not measured, but cbservation indicated
that the exposed piles lost considerable mass through
decomposition. This resulted in higher P and metal
concentrations (Table 3). At the same time, K
concentrations were lower mn the exposed piles as a result
of K leaching through the exposed piles. Losses of
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nutrients through leaching would not be a problem in a
properly covered litter pile.

One of the uncovered piles and the two covered piles
were tested exactly 1 year after the test started (Table 4).
The effects of moisture, leaching and decomposition were
evident in the exposed piles. While the covered piles lost
some N during the vear’s storage, the moisture did not
change dramatically from what we found after 180 days
(Table 3). Other measures of the litter quality indicated
that the litter had been dramatically degraded after a year
of exposure.

The results of the 2005 experiment demonstrate that
poultry litter should not be left exposed to rainfall. Rainfall
on an exposed pile would result in moisture being rapidly



Table 4: Litter analysis on a dry matter basis after 1 year of storage
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Dry Litter analysis after 12 months storage
matter
analysis Original litter Polvethylene covered HayGard® covered Uncovered
Moisture' (%) 20.8 213 14.0 53.4
Ash (99) 353 31.2 28.7 502
N (@0 4.00 2.99 2.77 2.21
.05 (%6) 4.86 3.02 3.37 0.16
K0 (20) 3.28 3.07 3.50 1.03
Ca (%%) 3.28 5.12 4.58 9.14
Mg (%) 0.63 0.72 0.67 1.37
B(mgkg™) 56 53 50 45
Cu (mg kg™ 290 609 567 858
Zn (mgkg™) 375 729 672 1427
'Moisture reported on fresh weight basis
Zn (mgke™) 375 442 278 335 300 HEE
#%*: p<0.05, ##*#: p<0.01 'Moisture reported on fresh weight basis
Table 5: Approximate ninoff volumes collected during the period of the experiment, 2006
18-Jan 23-Jan 1-Feb 13-Feb 27-Feb 22-Mar 10-Apr
Treatments Liters 11-May
No litter 0 0.1 2.5 0 60 57 0 50
Poly covered 19+ 19 63 i} 63+ 61 1 S0+
Hay Gard 19+ 15 51 0 63+ 54 0 50+
Uncovered 2.5 19 19 0 60 57 0 50+
Cone-shaped 19+ 19 38 5 60 56 0 17
PAM-coated 19+ 19 24 3 60 05 0 0.5
Table 6: Mean analysis of water quality parameters in runoff samples during the season, 2006
Total solids  Electrical conductivity WH;-N NN Tatal P Ortho-P K

Treatment (%) (mmhos/cm) (mg 1.7
Mo litter 0.15 0.13 54 1.6 0.56 0.48 18
Polyethylene 0.03 0.24 9.1 2.0 512 4.94 38
Hay Gard® 0.10 0.73 387 8.1 9.87 8.50 103
Uncovered 0.14 0.94 27.6 2.7 12.85 8.36 165
Cone-shaped 0.25 1.43 543 8.1 19.75 13.56 228
PAM-coated 0.25 1l.04 52.6 9.5 13.73 7.67 291
LSDpnns 0.16 0.63 259 ns 08,50 6.30 118

Ca Mg B Cu Fe Zn Na
Treatment (mg 1"y
Mo litter 34 2.5 0.04 0.14 0.44 0.16 12
Polyethylene 4.7 4.0 0.04 0.25 0.89 0.38 19
Hay gard® 10.2 0.6 0.15 0.58 2.08 0.71 41
Uncovered 13.0 93 0.23 1.11 2.25 1.31 62
Cone-shaped 19.4 15.7 0.34 1.52 4.83 2.01 77
PAM-coated 23.5 18.4 0.34 1.54 4.46 4.91 1006
LS8SDyeng 8.3 6.5 0.15 0.62 1.65 212 39

absorbed into the exposed litter resulting in degradation
of the fertilizer value of the litter and potential nutrient
runoff. Although current USDA-NRCS guidelines for
temporary litter storage may not be appreciated by some
producers, these guidelines seem adequate to protect
both litter and surface water quality. On the other hand,
in a properly covered pile, there was no opportunity for
leaching losses. However, since the piles were so small
in comparison to what a producer would normally use
(300 pounds versus several tons), it was not clear if the
results of this study would be applicable to a commercial
pile of stored litter. Therefore, the test was repeated
utilizing larger piles in 2006.

Large pile study, 2006: In 2006, the large pile study was
mitiated (Fig. 1b). During the winter of 2006 ramfall
resulted in slightly drier than average conditions and
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during the spring of 2006 a much drier than average
condition occurred (Fig. 2). Runoff from the large piles
at the site occurred only when rainfall exceeded about
0.75 inch and runoff did not necessarily occur on all
treatments after every rainfall event. Runoff samples were
collected eight times dwring the experiment and the
approximate volumes are shown in Table 5.

Results of mean nutrient concentration in runoff
during the sampling peried of 2006 are shown mn Table 6.
The results of NH,-N and soluble P concentration as well
as electrical conductivity in runoff samples over time are
shown in Fig. 4. In this year, runoff losses from the
covered treatments were also included. Large differences
in runoff quality were observed due to treatments
(Table 6, Fig. 4). Every parameter measured i runoff
indicated a highly significant (p<t0.001) mcrease in
nutrient concentration compared to the no litter control
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Fig. 5. Moisture (as sampled) and ash (dry matter basis) in litter from samples collected on the surface (6 in.) of the piles

and from inside the piles (3 ft.) as affected by storage treatment
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Fig 6: Nitrogen, P and K in dried litter from samples collected on the surface (6 n.) of the piles and from inside the piles
(3 D) as affected by storage treatment
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Table 8: Litter analysis on a dry-matter basis as affected by reatment, time of sampling and position in pile, 2006

Pile treatrment and time of sampling

Poly covered HayGard® covered Un-covered Cone-shaped PAM-coated

Initial
Analysis mean Mar June Mar June Mar June Mar June Mar June
Samples taken on surface 6-inches
Moisture (%6) 30.10 42.30 52.60 49.50 50.50 840 10.70 8.0 9.30 9.90 5.90
Ash (®9) 22,10 33.20 32,70 37.40 34.90 30.70 35.90 30.3 38.40 32.60 36.00
N (%0) 4.90 3.4 3.84 3.92 3.81 3.94 3.9 3.92 4.09 3.97 4.10
P05 (%0) 2.90 7.38 7.24 7.48 7.07 7.95 9.83 7.09 9.98 7.4 9.04
K0 (%) 3.33 4.59 4.72 4.20 4.96 1.59 2.07 1.51 2.02 1.59 2.35
Ca (%) 432 5.30 6.54 5.66 6.26 6.29 8.96 5.99 9.85 6.37 8.69
Mg (%) 0.60 1.14 1.01 1.18 0.97 1.28 0.77 1.08 0.82 1.25 0.80
Na (mg) - 6180.00 6670.00  5642.00 7111.00 4345.00  5876.00 3718.00 6950.00 4395.00  6988.00
B(mgL™ 46.00 o4.00 05.00 05.00 70.00 34.00 49.00 31.00 56.00 36.00 54.00
Cu (mg LY 409.00 039.00 001.00 607.00 0612.00 485.00 006.00 439.00 033.00 531.00 055.00
Fe(mgL™) 1158.00 1422.00 1400.00  1869.00 1668.00 1541.00  1712.00 1196.00 1588.00 1530.00  1873.00
Mn (mg L™ 792.00 759.00 738.00 778.00 T41.00 889.00 986.00 779.00 1009.00 875.00 1015.00
Zn {mg LY 427.00 o46.00 0609.00 661.00 650.00 671.00 T69.00 598.00 To4.00 083.00 800.00
Sarnples taken near center of pile
Moisture (%) 30.10 25.80 21.10 26.40 32.20 3840 50.60 33.30 27.60 36.70 31.30
Ash (99) 2210 28.00 25.00 38.30 24.30 26.30 28.90 34.30 24.30 30.30 26.30
N (@0 4.90 4.40 4.58 3.93 4.74 4.72 4.45 4.17 4.86 4.44 4.95
P,05 (%0) 2.90 5.27 5.40 4.31 5.27 542 6.54 4.42 5.40 5.24 5.52
K0 (%) 333 3.87 3.92 3.23 3.98 411 4.61 34 4.21 4..06 4.44
Ca (%%) 432 3.4 4.42 3.18 4.55 4.27 577 3.55 4.84 4.09 4.73
Mg (%6) 0.60 0.75 0.72 0.64 0.73 0.83 0.93 0.69 0.72 0.80 0.76
Na(mgL™) - 5438.00 5524.00  4604.00 5434.00 5714.00  6423.00 4588.00 5884.00 5781.00  6377.00
B(mgL™ 46.00 54.00 56.00 46,00 54.00 57.00 65.00 48.00 59.00 55.00 60.00
Cu (mg LY 409.00 477.00 479.00 374.00 472.00 504.00 576.00 424.00 505.00 508.00 505.00
Fe(mg L™ 1158.00 1470.00 1096.00  2323.00 1051.00 1077.00  1257.00 1794.00 972.00 1600.00  1132.00
Mn(mgL™" 792.00 589.00 545.00 581.00 534.00 573.00 680.00 584.00 534.00 597.00 558.00
Zn(mgL™ 427.00 482.00 495.00 410.00 465.00 498.00 597.00 430.00 507.00 513.00 521.00

piles would have a higher moisture concentration within
the pile, higher moisture was actually observed only in
one of the uncovered treatments (none in Fig. 5) where
moisture increased to 70% by the end of the experiment.
On the other hand, the uncovered piles (none,
cone and polymer in Fig. 5) were actually much drier
(<10% moisture) on the surface than the imtial pile
moisture condition. This was undoubtedly due to the dry
weather with little rainfall prior to sampling in March and
June. The covered piles (Poly and HG) were actually
dramatically higher in moisture on the swrface by the end
of the experiment. This was due to moisture condensation
mside the polyethylene or the HayGard® fabric. At the
deep sampling depth within the covered piles, moisture
did not change or actually decreased slightly.

On a dry matter basis within the piles, the ash
concentration did not change dramatically over time
although a slight mcrease in ash in all treatments may be
observed Table ). However, on the surface, ash
concentration increased under all treatments indicating
that sigmificant decomposition was probably occurring on
the surface of all piles, especially the uncovered piles.
This increase in ash content on the swface of the
uncovered piles would have been even more dramatic if
the data had been calculated on an as-sampled basis,
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because moisture was higher m the covered piles and
much lower in the uncovered piles. Changes in nutrient
concentrations of N, P and K in litter are used as examples
in Fig. 6 and reported only on a dry matter basis. There
was a trend toward lower N concentrations within the
piles regardless of method of storage. This trend was very
obvious on the surface of all the piles where
decomposition would have been most dramatic because
of moisture and oxygen availability. When litter 1s
reported on a dry matter basis, there was no apparent
difference in the methods of storage. However, when the
same data is reported on an as-sampled basis as a
producer would be spreading the litter, the surface of the
uncovered piles indicate about the same N concentration
at the end of the experiment as when we began because of
the drier condition of the surface of the uncovered piles.
The covered piles, on the other hand, had dramatically
lower N concentrations in the surface because of the
higher moisture.

Phosphorus concentrations on a dry matter basis
increased dramatically both inside and on the surface of
all piles, especially the uncovered piles. This, again, was
due to simple decomposition and shrinkage of the litter
pile. Unfortunately, the loss of mass could not be
accurately measured with the large piles. There was only



Res. J. Agron., 1(4): 129-137, 2007

a slight increase in K concentration within the piles over
time. On the surface, this increase was also evident in the
covered piles. However, the lLitter on the surface of the
uncovered piles showed a definite decrease in K
concentration, which was likely caused by a
decomposition of the litter and leaching of K out of the
surface. Changes in the nutrient content of the piles from
the surface to within the piles clearly indicated that care
is needed in sampling techniques so as to accurately
determine the nutrient concentrations for application

purposes.

CONCLUSION

In both years, the uncovered piles absorbed ramnfall
but also dried out on the surface rather rapidly in the
spring. They also resulted in much higher runoff of
ammonium-N, soluble P and all other measured runoff
parameters. Covered litter was wet on the surface from
condensation under the cover, but generally resulted in
less runoff of nutrients and maintained its fertilizer
nutrient concentration. Exposed litter rapidly decomposed
due to the wetting and drying effect. All litter apparently
lost some mass, although this was observed and not
measured.

The data from 2006 verified on a large scale what we
observed in smaller, replicated piles in 2005. Dry broiler
litter must be covered in order to protect litter quality and
to prevent extensive nutrient runoff. We had hoped that
piling litter in a cone or coating it with a dry, moisture
absorbing PAM would allow storage of the litter without
covering but this did not seem to work any better than
normal piling. Litter was very moisture absorbent (even
without the polymer). But it also dried out rapidly on the
surface. This absorbency and drying effect seems to
promote rapid decomposition of the litter near the surface
and loss of mass. There were much higher runoff losses
for all measwed parameters from uncovered piles than
from covered piles. Even covered piles resulted in higher
concentration of nutrients in runoff than a check plot with
no litter. This was probably due to spilled litter around the
piles and some seepage around the edges. There could be
an argument made that litter piles could be left uncovered
for up to two to four weeks if rainfall 1s less than 1 inch or
so but this would be difficult to monitor. The reasoning
would be that the litter itself would absorb most of the
rainfall and the risk of runoff is not much greater than
what we observed from a covered pile. However, once
runoff occurred from the uncovered piles, nutrient
concentrations were much higher from the uncovered
piles.
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Dry broiler litter should be covered in order to protect
litter quality and to prevent extensive nutrient runoff. The
type of cover did not seem to matter. We found that the
commercially available HayGard® fabric was easier to
handle, would last for several years and did not rip and
tear. The less expensive, polyethylene did a good job of
protecting the litter but could tear and would be much
more likely to blow off in a storm. Condensation under the
polyethylene does create a wet surface on the litter pile,
but this had minimal effect on the overall litter quality.
However, the difference in the surface and the interior of
the pile should be considered when sampling the pile for
analysis.
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